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© Switching regulator. 



© A switching regulator comprising:(a) a high fre- 
quency transformer composed of a primary winding, 
a secondary winding wound around the same core 
on the secondary side, and tertiary winding wound 
around the same on the primary side, (b) a switching 
element connected to one end of said primary and 
tertiary windings, (c) a shunt regulator provided on 
the secondary side, (d) a photocoupler connected to 
CO said shunt regulator, and (e) a control circuit part 
^provided on the primary side of said high fequency 
qj transformer and composed of analog to digital con- 
Overters for converting to digital signals said voltage 
^signal appearing across the tertiary winding, a fed- 
Ps back fraction of the DC output voltage, and a current 
00 signal flowing through said switching element and 
^through said primary and tertiary windings, as input 
©signals to the later stages such as latches for latch- 
oJng said A/D converted digital signals of said voltage 
HI signal across the tertiary winding and said fedback 
fraction of the DC output voltage and as an input 
signal to the later stages such as an comparator, of 



a setting voltage generator for generating a setting 
digital signal to set the DC output voltage, of a 
substractor for substracting said digital signal from 
said input signals to evaluate a driving signal for said 
switching element, of digital arithmetic operation cir- 
cuits each for evaluating and outputting an on-period 
and on-time of said switching element from said 
input signals and outputting said driving signals as a 
function of said switching element, and of said com- 
parator for comparing said current signal flowing 
through said switching element and through said 
primary and tertiary windings with said overcurrent 
setting value to provide said driving signal with an 
additional function of cutting off said switching ele- 
ment when an overcurrent flows therethrough. 
fig. i 
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© A switching regulator comprising:(a) a high fre- 
quency transformer composed of a primary winding, 
a secondary winding wound around the same core 
on the secondary side, and tertiary winding wound 
around the same on the primary side, (b) a switching 
element connected to one end of said primary and 
tertiary windings, (c) a shunt regulator provided on 
the secondary side, (d) a photocoupler connected to 
said shunt regulator, and (e) a control circuit part 
-^provided on the primary side of said high fequency 
^transformer and composed of analog to digital con- 
verters for converting to digital signals said voltage 
2 signal appearing across the tertiary winding, a fed- 
jMback fraction of the DC output voltage, and a current 
^signal flowing through said switching element and 
2 tnrou 9 n said primary and tertiary windings, as input 
^signals to the later stages such as latches for latch- 
^ing said A/D converted digital signals of said voltage 
_ signal across the tertiary winding and said fedback 
fraction of the DC output voltage and as an input 



LU 



signal to the later stages such as an comparator, of 
a setting voltage generator for generating a setting 



digital signal to set the DC output voltage, of a 
substractor for substracting said digital signal from 
said input signals to evaluate a driving signal for said 
switching element of digital arithmetic operation cir- 
cuits each for evaluating and outputting an on-period 
and on-time of said switching element from said 
input signals and outputting said driving signals as a 
function of said switching element, and of said com- 
parator for comparing said current signal flowing 
through said switching element and through said 
primary and tertiary windings with said overcurrent 
setting value to provide said driving signal with an 
additional function of cutting off said switching ele- 
ment when an overcurrent flows therethrough. 

35 FIG. I ft j£ 
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SWITCHING REGULATOR 



SPECIFICATION 

The present invention relates to a stabilized 
power circuit and, more particularly to a switching 
regulator in a pulse width control system. 

Prior switching regulators of this type, which 
operate in a line operation system, adopt the fol- 
lowing control methods: one, the so-called variable 
frequency method wherein a duty cycle is changed 
with a pulse width kept unchanged; the other, the 
so-called pulse width control method wherein a 
pulse width is changed with frequency kept un- 
changed. Circuits to execute these methods are 
illustrated in Figs. 6 and 9. respectively. 

Both circuits are basically arranged as follows. 
A fraction of a DC output from the circuit by the 
variable frequency method or the pulse width con- 
trol method is fedback to a control circuit 1 . In this 
control circuit 1. the fraction of the DC output is 
compared in an error amplifier 7 with a reference 
voltage and outputted to a V/F converter 9 (in case 
of the variable frequency method as illustrated in 
Fig. 6) or a pulse width converter 8 (in case of the 
pulse width control method as illustrated in Fig. 9). 
The V/F converter 9 or the pulse width converter 8 
modulates an output signal from an oscillator (not 
shown) in its frequency (in case of the former 
method) or in its pulse width (in case of the latter) 
conformably to the output from the error amplifier 7 
or 8. (The oscillator circuit, in the above descrip- 
tion, may sometimes be omitted in self-exciting 
case). The output signal from this control ciruit 1 is 
then fed to a driver circuit 2 composed of a driver 
and a current transformer to permit the driver cir- 
cuit 2 to drive for error correction a switching part 3 
composed of high voltage, high speed switching 
transistors, called a main switcher in their combina- 
tion, and of a pulse transformer. 
As a result, a main signal fed from an input circuit 
6, which serves to supply energy to this apparatus, 
to the pulse transformer of the switching part 3 is 
error corrected. Thereafter, the error corrected 
main signal is boosted to a higher pulsed voltage 
by the pulse transformer, the high frequency trans- 
former, and outputted from a DC output terminal 
after passing through a rectifier part 4, which 
serves to rectify the pulsed voltage, and through a 
filter part 5 for smoothing. 

Hereupon, the variable frequency method illus- 
trated in Fig. 6 provides as its feature the V/F 
converter 9 in the control circuit 1, i.e.. an AD 
converter part, which is adapted as its result to 
permit the main switcher (composed of power tran- 
sistors) to have its on-time kept unchanged but 



have its switching frequency changing in comfor- 
mity with the magnitude of a load in use, for the 
purpose of keeping the output from the switching 
regulator constant. This is shown in Fig. 8 wherein 

5 the number of on-pulses for each unit time, i.e.. 
repetition frequency of those pulses is increased as 
the load for the output becomes heavy, while that 
number is reduced as the load becomes light, to 
thereby keep the output consistent. As a result, the 

10 operating frequency may fall into an audio range of 
frequency at no load. 

In contrast with this variable frequency method, 
the pulse width control method illustrated in Fig. 9 
provides as its feature the pulse width converter 

is circuit in the control circuit 1, i.e., in the AD 
converter part, which is adapted to keep constant, 
differing from the variable frequency method, the 
operating frequency at all times, and change the 
on-time in the period T. for thereby making the 

20 output constant. This is shown in Fig. 11 wherein 
the width of the on-puise is increased as the load 
for the output becomes heavy, while that pulse 
width is made narrow at its light load, to thereby 
keep the output voltage constant. 

25 In the following, operation of the switching reg- 

ulator in the line operation system described above 
will be described with reference to Figs. 7 and 1 0. 

AC voltage is input into the input circuit 6. 
rectified through a rectifier, and smoothed through 

30 a filter (condenser input type). The smoothed high 
DC voltage serves to bias the switching part 3. 

The bias voltage from the input circuit 6 is 
converted to high AC voltage with a frequency of 
from 20KHz to 40 KHz by the switching transistors 

35 of the switching part 3 and transmitted to the 
rectifier part 4 on the secondary side through the 
pulse transformer. 

The rectifier part 4 rectifies the high frequency 
AC voltage through fast recovery time rectifying 

40 diodes and supplies it to a load as DC voltage with 
a reduced ripple fraction through the filter part 5. 

In the following, the description will be done on 
how to stabilize the output from the switching regu- 
lator. The error amplifier 1 connected to the output 

45 terminal senses constantly the output voltage at the 
output terminal. The error amplifier 7 compares the 
output voltage with the reference to detect a frac- 
tion of error and amplify the same. The error signal 
thus amplified is transmitted to the next pulse width 

50 converter 8 (in the pulse width control system) or 
the V''F converter 9 (in the frequency control sys- 
tem), both belonging to the control circuit 1, to 
provide a control signal. These converters include 
typically oscillators, a fixed frequency one in the 
pulse width control system, and a variable fre- 
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quency one in the frequency control system. 

The control signals output from these convert- 
ers are divided respectively into two phases 
through a two-phase divider circuit when the 
switching part 3 is of a push-pull type, while it is 
transmitted to the driver circuit 2 when the switch- 
ing part 3 is single-ended. 

The driver circuit 2 is to drive the switching 
transistors of the switching part 3, and mostly 
serves to insulate the primary side (input side) from 
the secondary side (output side). The switching 
transistors of the switching part 3 driven by the 
driver circuit 2 control the DC output using the 
control signal for stabilization thereof. 

The flow of the control signal forms a closed 
loop as described above, and the input power from 
the input circuit flows to the output side. 

In what follows, another example of the switch- 
ing regulator in the pulse width control system will 
be described with reference to a circuit block dia- 
gram of Fig. 12. The control part controls the DC 
output from the switching regulator by detecting 
error voltage from the third wiring wound around 
the same transformer core as that of the secondary 
winding. 

A switching element 10, a MOS FET in this 
embodiment is switched on by allowing a voltage 
divided by a resistor 11 for starting the power 
circuit together with a resistor 12 to be applied to 
the drain and source thereof, to thereby start to 
conduct a current through the primary winding 13 
of a transformer 32. A resistor 14 is one to detect 
the current. Resistors 15, 16 and transistor 17 
constitutes an overcurrent protector. The overcur- 
rent protector serves to switch the switching ele- 
ment 10 off by switching the transistor 17 on with 
use of voltage across the resistor 14 upon the 
appearance of the overcurrent. Hereby, the switch- 
ing element 10 is lowered in its gate potential and 
hence switched off. 

Resistors 18. 19, a diode 20. and capacitors 
21, 22 constitute a driver circuit for the switching 
element 10. The driver circuit serves to rapidly 
switch on, upon the current starting to flow through 
the third wiring 13, the switching element 10, by 
supplying voltage produced across the third wiring 
23 to the gate of the switching elment 10 through a 
differentiation circuit composed of a capacitor 22 
and a resistor 12. The driver circuit thereafter con- 
tinues to supply the voltage and current produced 
across and through the third wiring 23 to the gate 
of the switching element 10 via the resistors 19. 18, 
the diode 20, and the capacitor 21 . 

The switching element 10 is switched off by 
allowing the gate potential thereof to be lowered 
owing to the drop of the voltage across the tertiary 
wiring, the drop being produced by the reduction of 
a change in the current flowing through the primary 



winding 13 caused by a change in output imped- 
ance of the switching element 10 defined by the 
overcurrent protector circuit or the gate potential of 
the switching element 10. 

5 A control part for effecting the stabilization of 

the output voltage includes resistors 24, 25, capaci- 
tors 26, 27, and a shunt regulator 28. The control 
part serves to make constant the tertiary winding 
voltage (voltage across a capacitor 30) produced 

70 by a diode 29 and the capacitor 30. The reason 
why the tertiary voltage is made constant is that 
the tertiary winding 23 is wound around the same 
transformer core as that of the secondary wiring 31 
to couple with the latter magnetically to result in 

75 the output voltage kept constant. 

The control part in operation forces the shunt 
regulator 28 to change its cathode current such 
that voltage divided by the resistors 24 and 25 
becomes constant. It accordingly lowers the tertiary 

20 voltage when it is high, by dropping the gate po- 
tential of the switching element by increasing the 
current absorption by the gate of the switching 
element 10 to thereby drop the gate potential of 
the same and hence by lowering the current flow- 

25 ing through the switching element 10. In opposition, 
it raises the tertiary voltage when it is low, by 
reducing the current absorption by the gate of the 
switching element 10 to thereby raise the gate 
potential of the same and hence by increasing the 

30 current flowing through the same. 

The capacitor 27 here serves as an integrating 
factor. That is, it forces the control circuit to op- 
erate with the average of the tertiary voltage. The 
resistor 25 thereupon acts as a differentiation factor 

35 for compensating the phase characteristic of the 
control circuit delayed by the capacitor 27. 

Now, energy stored in the transformer 32 dur- 
ing the time the switching element 10 is on for- 
wardly biasses a diode 33 on the side of the 

40 secondary winding 31 to charge a condenser 30 
and likewise forwardly biasses a diode 29 on the 
side of the tertiary winding 23 to charge the con- 
denser 30, by allowing the switching element 10 to 
be switched off. And simultaneously, the energy 

45 backwardly biasses the gate potential of the switch- 
ing element 10 to keep the switching element 10 
off through the resistor 19, the capacitors 21, 22. 

When the transformer 32 releases completely 
the energy stored therein during the off period of 

so the switching element 10, the back bias to the gate 
electrode of the switching element 10 is removed 
to permit the switching element 10 to enter the on 
period thereof. Hereby, the voltage across the terti- 
ary winding 23 produced owing to the current flow- 

55 ing through the primary winding 13 raises the gate 
potential of the switching element 10 via the ca- 
pacitor 22 to rapidly switch the switching element 
10 on. This operaton is repeated thereafter. 
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The circuit described above is operated in the 
variable frequency method which allows the switch- 
ing element to be changed in its on-period depend- 
ing upon the load capacity as well as changed in 
its on-time in the same rate as that of the on- 
period. Figs. 13 and 14 illustrate relationships be- 
tween the on-periods and the on-times respectively 
in the pulse width control and variable frequency 
methods, and between load frequencies and gains 
of the switching regulator in the same methods. 

Those prior methods described above however 
suffer from the following difficulties when the load 
varies widely: 

1) The pulse width control method fixed in 
the frequency within the range of high frequency, 
the output becomes impulsive at light load, which 
the control element can not follow to result in 
increased loss and severely reduced efficiency. 

2) With the load made further light, the 
switching element might sometimes not be 
switched on to cause intermittent oscillation with its 
period lower than audio frequency (lower than 20 
KHz) followed by an oscillation sound. 

3) The frequency fixed on the side of lower 
frequency in the pulse width control method pro- 
longs the on-time at heavy load, and hence re- 
quires large-sized part for transformers and filters, 
etc., to make it difficult to provide a compact power 
supply device. 

4) In the variable frequency method, reduc- 
tion of the on-period at light load shortens the on- 
time to cause the foregoing difficulties 1) and 2). 

5) Further, in the variable frequency method, 
heavy load causes frequency lowering to audio 
frequency with an oscillation sound produced 
thereby. 

6) The control method shown in Fig. 12 
effects the control on an average since error volt- 
age taken from the tertiary winding voltage is fed- 
back with use of an integrated waveform. It accord- 
ingly allows disadvantageously the stability of the 
output voltage to be deteriorated for transient vari- 
ations in the load. 

7) The control circuit composed of analog 
elements makes it difficult to yield them in the form 
of LSI, and thus is prevented from being small- 
sized. 

In view of the drawbacks of the conventional 
switching regulators, it is an object of the present 
invention to provide a high efficiency switching 
regulator with a wide range of equal load capacity 
capable of preventing the loss of switching from 
being increased, the loss being produced owing to 
the limit of switching capability of a switching ele- 
ment when the on-period is raised at light load, 
while preventing switching frequency from falling 
into audio-frequency at heavy load. 

Another object of the present invention is to 



provide a switching regulator including a control 
circuit in digitized construction for thereby prevent- 
ing output voltage from being varied owing to the 
scatter of the constituent elements, and being ca- 
5 pable of minimizing itself by constructing it in the 
form of LSI. 

To achieve the above objects, a switching reg- 
ulator of the present invention comprises: 

(a) a high frequency transformer 42 com- 

io posed of a primary winding 43 wound around a 
core on the primary side across which an AC input 
fed through a diode bridge 35 and a low pass filter 
is applied, a secondary winding 44 wound around 
the same on the secondary side for boosting the 

75 rectified AC input and transmitting the same to an 
output terminal through a rectifier circuit, and a 
tertiary winding wound around the same on the 
primary side for providing a voltage signal 
thereacross as an error signal, 

20 (b) a switching element 49 connected to one 

end of said primary and tertiary windings forswitch- 
ing said rectified AC input to permit the switched 
AC input to be boosted and transmitted to the 
secondary side through said secondary winding for 

25 providing the DC output voltage, 

(c) a shunt regulator provided on the secon- 
dary side of said high frequency transformer for 
detecting a fedback fraction of the DC output volt- 
age as another error signal; 

30 (d) a photocoupler connected to said shunt 

regulator for feedbacking said fedback fraction of 
the DC output voltage detected by said shunt regu- 
lator to the primary side; 

(e) a control circuit part provided on the 

35 primary side of said high fequency transformer and 
composed of analog to digital converters for con- 
verting to digital signals said voltage signal appear- 
ing across the tertiary winding, said fedback frac- 
tion of the DC output voltage, and a current signal 

40 flowing through said switching element and through 
said primary and tertiary windings as input signals 
to the later stages such as latches for the former 
two voltages latching said A/D converted digital 
signals of said voltage signal across the tertiary 

45 winding and said fedback fraction of the DC output 
voltage and as an input signal to the later stages 
such as an comparator for the latch current for 
comparing it with an overcurrent setting value, of a 
setting voltage generator for generating a set digital 

so signal to set the DC output voltage, of a substractor 
for substracting said setting digital signal from said 
input signals to evaluate a driving signal for said 
switching element 49, of digital arithmetic operation 
circuits each for evaluating and outputting an on- 

55 period and on-time of said switching element from 
said input signals as a function of said driving 
signal to said switching element, and of said com- 
parator for comparing said detected current signal 
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flowing through said switching element 45 and 
through said primary and tertiary windings with 
said overcurrent setting value to provide said driv- 
ing signal with an additional function of cutting off 
said switching element when an overcurrent flows 
therethrough. 

The above and other objects, features and ad- 
vantages of the present invention will become more 
apparent from the following description when taken 
in conjunction with the accompanying drawings in 
which a preferred embodiment of the present in- 
vention is shown by way of illustrative example. 

Fig. 1 is a circuit diagram illustrating an 
embodiment of a switching regulator according to 
the present invention; 

Fig. 2 is a circuit block diagram illustrating a 
control circuit part; 

Fig. 3 is a timing chart illustrating the opera- 
tion of the control circuit part; 

Fig. 4 is a graphical representation illustrat- 
ing a result of calculation by a period limiter circuit 
part; 

Fig. 5 is a graphical representation illustrat- 
ing the frequency characteristics of an on-period 
arithmetic circuit and an on-time arithmetic circuit; ■ 

Fig. 6 is a circuit block diagram illustrating a 
prior example; 

Fig. 7 is a circuit block diagram illustrating 
the operation of the prior example; 

Fig. 8 is a graphical representation illustrat- 
ing a relationship between a load and the number 
of pulses; 

Fig. 9 is a block diagram illustrating another 
prior example; 

Fig. 10 is a circuit block diagram illustrating 
the operation of Fig. 9; 

Fig. 1 1 is a graphical representation illustrat- 
ing a relationship between a load and the number 
of pulses; 

Fig. 12 is a circuit block diagram illustrating 
further another example; 

Fig. 13 is a graphical representation illustrat- 
ing a relationship between the on-period and the 
on-time: and 

Fig. 14 is a graphical representation illustrat- 
ing a relationship between load frequency and a 
gain. 

In what follows, an embodiment of a switching 
regulator according to the present invention will be 
described. 

Fig. 1 is a circuit block diagram illustrating the 
embodiment of a switching regulator of the present 
invention. 

As shown in the same figure, an AC input 
voltage is rectified through a diode bridge 35 and 
fed to a primary winding 43 of a high frequency 
transformer 42 through a filter condenser 36. The 
AC input voltage fed to the primary winding 43 of 



the high frequency transformer 42 is switched on 
and off by a switching element 49 connected to the 
primary winding 43 at its drain and to a tertiary 
winding 45 of the high frequency transformer 42 at 

5 its second gate and its source, both directly coup- 
led, through a resistor 41. The AC input voltage 
thus switched on and off is taken out on the secon- 
dary winding 44 of the high frequency transformer 
42, rectified through a rectifier diode 46 and a 

10 condenser 37, and output at an output terminal to 
the outside. The switching element 49 is started in 
its switching operation by allowing the application 
of the rectified AC input voltage divided by the 
resistors 54 and 55 to its gate electrode. The 

rs tertiary winding 45 is to produce error voltage as a 
signal for controlling the DC output voltage, and 
supply for its purpose the error voltage to a control 
part described later. Likewise, a shunt regulator 48 
is to partly detect the output voltage as another 

20 error voltage also as error voltage through resistors 
50 and 51 connected across the output terminal. 
This fraction of the DC output voltage is fed to the 
cathode of a photocoupler 52 connected at its 
anode to one end of the secondary winding on the 

25 side of the diode 46 connected thereto through a 
resistor 40 which photocoupler 52 then feedbacks 
this fraction of the DC output voltage on the secon- 
dary side to the control circuit part 53 on the 
primary side as a signal (C). The foregoing (d) 

30 indicative of tertiary winding voltage is fed from 
one end of the tertiary winding 45 to the control 
circuit 53 through a rectifier circuit composed of a 
condenser 38 and a diode 47. Likewise, a signal 
(e) detected as a voltage across a resistor 41 

35 through which a switching current of the switching 
element 49 is conducted is also fed from the 
switching element 49 at the source thereof con- 
nected to the tertiary winding 45 through the resis- 
tor 41 to the control circuit 53. 

40 Here, the control circuit part 53 thus receiving 

the foregoing signals (d), (c). and (e) issues on the 
basis thereof a driving signal (a) for driving the 
switching element 49 to control its switching period 
(hereinafter referred to as an on-period) and a 

45 conduction time interval (hereinafter referred to as 
an on-time) such that the DC output voltage is 
made constant with the aid of a digital arithmetic 
operation described later. 

In the following, the control circuit part 53 will 

so be described in further detail with reference to 
Figs. 2 and 3. 

Fig. 2 is a circuit block diagram illustrating the 
control circuit 53, and Fig. 3 is a timing chart 
illustrating the operation of Fig. 3. 

55 For the error input to the control circuit part 53, 

although there were employed previously the sig- 
nals (d) and (c) for the control; (d) the voltage 
produced on the tertiary winding 45, (c) the fraction 
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of the voltage fedback from the DC output, either of 
those signals (d) and (c) will do. 

The control circuit part 53 consists mainly of 
three flows of processing the control signals: flow 1 
for evaluating the on-period T of the switching 
element 49 to derive a roll of the driving signal (a) 
with use of the signals (d) and (c), flow 11 for 
evaluating the on-time to N of the switching ele- 
ment 49 to derive another roll of the driving signal 
(a) with use of the same signals (d) and (c). flow III 
for providing further another roll of the driving sig- 
nal (a) to cut off the switching element 49 when an 
overcurrent flows therethrough with use of the sig- 
nal (e). 

in the following, the description will be done 
along those flows I, II, and HI of the signal process- 
ing. 

In the flow I, the signals (d), (c), analog signals, 
are converted to digital signals (d), (c) through A/D 
converters 57 and 58. These digital signals (d) and 
(c) are respectively latched in latches 59 and 60 in 
the timing of a latch pulse to provide latched sig- 
nals A(n) and B(n), as illustrated in Fig. 3. The 
latched signal A(n) is multiplied by a multiplication 
factor G1, a coefficient to match the latched signal 
A(n) with the latched signal B(n), in their mag- 
nitudes by a multiplier 62, from which mulitiplied 
latched signal A(n) and subtracted by the latched 
signal B(n) output from the latch 60 is subtracted 
by a substractor 61. Thus, the subtracter 61 out- 
puts a subtracted signal G1 * A(n) - B(n). The 
meaning of the multiplication factor G1 is as fol- 
lows. First, it is assumed a fractional change of the 
voltage, the aforementioned voltage (d), produced 
across the tertiary winding 45 upon the DC output 
voltage being changed by Vo is A d, and a frac- 
tional change of the fedback voltage, the aforemen- 
tioned voltage (c), from the DC output is Ac. Here, 
the DC output is fedback through the shunt regula- 
tor 48 and the photocoupler 52, and hence a dif- 
ferential coefficient Ac/ AVo becomes larger than a 
differential coefficient Ad/ AVo near the target DC 
voltage to be controlled. As a result, the multiplier 
62 adjusts both the latched signals A(n) and B(n) 
by the multiplication to match both the differential 
coefficients for providing proper input voltage to 
the succeeding stage for digital computation there- 
after. 

Here, G1 is given as follows: 

_ Ac/AVo^ Ac 
G1 = Ad/AVo AcT 

This input voltage G1 x A(n) - B(n) is propor- 
tional to the DC output voltage which the switching 
regulator has output at present. That is, it becomes 



larger with the higher DC output voltage, while 
becoming smaller with the lower DC one. In other 
words, with the higher DC output voltage the signal 
(d) becomes larger but with the signal (c) becom- 

5 . ing smaller, while with the lower DC output voltage 
the signal (d) becomes smaller but with the signal 
(c) becoming larger. 

Then, the input voltage is fed to a subtracter 64 
wherein it is subtracted from a digitized value (D) 

w (hereinafter referred to as a set voltage is sub- 
tracted therefrom)) the digitized value (D) being 
supplied from a digitized value generator 63 for 
setting the DC output voltage uniquely, if a dif- 
ference A= D - (G1 x A(n) - B(n))(hereinafter 

75 referred to as a delta value)> 0, then it means the 
DC output voltage is low. or the output load is 
heavy, while if < 0, then it means the DC output 
voltage is high, or the output load is light. Here, the 
timing of the delta value A, is as illustrated in Fig. 

20 3. 

The driving signal (a) for driving the switching 
element 49 is calculated on the basis of the afore- 
mentioned delta value A. The driving signal (a) is a 
function of the on-period T and on-time to n of the 
25 switching element. That is, the on-period T is short- 
ened while the on-time T on is prolonged, as the 
load becomes heavier. 

The following is the calculation for the on- 
period T. 

30 A subtracter 65 subtracts the delta value from 

a latch output corresponding to an on-period T(n- 
1) before on-time evaluated by a latch 72 and 
fedback therefrom, and outputs X = T(n-1) - A. 
The result X is latched by a latch pulse (II) in a 

as latch circuit 66 after finishing the subtraction as 
illustrated in Fig. 3, and output to. a period limiter 
part. 

The period limiter part consists of maximum 
and minimum period generators 67, 68, each for 

40 generating maximum and minimum period, com- 
parators 69, 70 for comparing the output X from 
the latch 66 with the maximum and minimum 
periods from the maximum and minimum period 
generators 67, 68, a multiplexer 71, and the latch 

45 72. The period limiter circuit part provides its out- 
put T(n) such that the on-period T, the result of its 
calculation, falls into a range between the maxi- 
mum period T MA x and the minimum period T M in as 
illustrated in Fig. 4. That is, the multiplexer 71 

so provides the output T(n) as follows. X > T MAX ... T- 
(n) = T M ax 

Tmax^ X £ T MIN ... T(n) = X 
T M in> X ... T(n) = Tmin 

55 This output T(n) is latched by a latch pulse (ill) 

in a latch 72 upon the calculation being finished, as 
illustrated in Fig. 3. Hereby, the calculation of the 
on-period T is finished. 
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In the following, the flow II to evaluate the on- 
time ton will be described. 

An adder 73 receives the delta value A multi- 
plied by a parameter G2 from a multiplier 75 and 
an output (C) from a set minimum on-time gener- 
ator 74, which has been previously set. and adds 
them. The parameter G2 is to determine a gain, a 
ratio of the output on-time toN to the input error 
value to the present on-time toN calculation circuit 
an on-time limiter part described later. 

A method to determine the parameter G2 is as 
follows. 

First, the stability of the DC output voltage is 
assumed to fall into a range from V Q -AV to V Q + 
AV. Then, the parameter G2 is determined such 
that the on-time upon the DC output voltage being 
(V 0 -V) gets the maximum on-time toNMAx while the 
same upon the DC output voltage being V Q + V 
gets the minimum on-time toNMtN. 

Now. the result of the aforementioned addition 
is latched by a latch pulse (III) in a latch 76, as 
illustrated in Fig. 3. Thereupon, the following rela- 
tion holds: 
Y = G2 x A + C 

= G2 x [ {D - (G1 * A(n) - B(n)) } + C ] 

The result is supplied to the on-time limiter 
part composed of maximum and minimum on-time 
generators 78, 79. comparators 80, 81, and a mul- 
tiplexer 77. And, the multiplexer 77 transmits the 
following result to a counter 83. The on-time toN 
calculation is hereby finished. Y > toNMAx — toisi(n) 

= toNMAX 

toNMAX^Y^toNMlN toN(n) = Y 
toNMIN > Y ... toiSI(n) " toNMIN 

Decrement counters 82, 83 are respectively 
loaded with the result of the aforementioned cal- 
culation to start their countings, by a load pulse 
generated by a borrow generated by the counter 
82 upon its counting being finished, the counter 82 
executing its decrement counting on the basis of 
the result of the calculation before one time, i.e.. a 
period T(n-1). A flip-flop 84 is set upon the coun- 
ters 82, 83 starting their countings, and operated 
by a reference clock CLK reset by a borrow signal 
from the counter 83 upon the counter 83 finishing 
its counting, as illustrated in Fig. 3. An output from 
the flip-flop 84 is supplied to the switching element 
49 through a driver 85 as the driving signal (a) for 
the switching element 49. 

A period where the flip-flop 84 is set provides a 
conduction period of the switching element. 

Thereafter, the same operation is repeated until 
the DC output voltage is made constant. 

Here, in the processing flow HI, a current de- 
tection signal (e) detected across the resistor 41 
connected between the source of the switching 
element 49 and one end of the tertiary winding 45 



is A/D converted by an A/D converter 56. The 
current detection signal (e) is to cut off the switch- 
ing element 49 upon an overcurrent flows through 
the switching element 49. A digitized value E of the 

5 current detection signal (e) is compared in a com- 
parator 87 with an output F issued from an overcur- 
rent set value generator 86. A flip-flop 88 is set by 
the reference clock when E£F. The flip-flop 84 is 
forcedly cleared by the output from the flip-flop 86 

10 to cut off the switching element 49. The output 
from the flip-flop 88 is cleared by a signal yielded 
by permitting an inverter element 89 to invert a 
borrow signal from the counter 82. Accordingly, 
that output continues until the decrement counter 

75 82 finishes its counting. This causes the switching 
element 49 to be cut off to ensure one cycle of the 
on-period even if the output from the comparator 
87 is inverted. 

Here, timing control for the control circuit part 

20 will be described with further reference to Fig. 3. 

A timing generator 90 is to generate timing 
signals to operate respective latch counters in the 
control circuit. The timing generator 90 composed 
of an oscillator and a counter, etc.. issues the 

25 reference clock CLK to the respective portions in 
the control circuit part from the oscillator therein, 
while it generates the latch pulses (I), (II). and (III) 
on the basis of the borrow signal from the de- 
crement counter 82 as illustrated in the figure. The 

30 latch pulse (I) is generated with delay of the switch- 
ing time or more of the switching element 49 with 
respect to the borrow signal from the counter 82 in 
order to avoid noises produced from the switching 
element 49 upon the switching element 49 being 

35 switched. The latch pulse (II) is generated with 
delay of the arithmetic operation times of the mul- 
tipliers 62, 75, subtracters 61, 64, 65, adder 73 with 
respect to the latch pulse (I). The latch pulse (III) is 
generated with delay of the arithmetic operation 

40 time of the period limiter circuit part with respect to 
the latch pulse (II). 

Here, referring to Fig. 5, frequency characteris- 
tics of the on-period T arithmetic operation circuit 
and the on-time toisi arithmetic operation circuit 

45 according to the present embodiment are dem- 
onstrated. As described above, the on-period T and 
the on-time toN are calculated in conformity with 
the following equations. 
T(n) = T(n-1)-A 

50 t 0 N<n) = G2 A + t 0 NMIN 

That is, for the on-period T a difference equation 
with use of the error signal is employed, while for 
the on-time tow the error signal multiplied by the 
parameter G2 is employed. Accordingly, the gain of 
55 the whole control system is suppressed such that 
the on-time t 0 N can take the whole region of one 
time arithmetic operation period from toNMIN to to- 
nmax» while the on-period T can take the region of 
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from T M in to T MAX after several cycles of the 
arithmetic operation periods. 

As a result, for the frequency characteristics 
the on-time t 0N control has its peak in the range of 
the high frequency, and hence the control rapidly 
follows up rapid variations in the load for the one 
on-time during one period to prevent the variations 
of the DC output voltage from being varied. 

Moreover, the present embodiment adopts the 
respective limit values as follows. 

Tmax — 50 us for making the switching period 
lower than audio-frequency 

T M i N ... 10 us for preventing the loss of the 
switching element. 

toNMAx — 5 us for making the on-duty at the 
maximum load less than 50 %. 

toNMiN - 1 us from the capability of the 
switching element 49. 

Hereby, the dynamic range of the present switch- 
ing regulator is made stably operatable up to 1/25 
of the maximum load capacity. 

According to the present invention, as de- 
scribed above, the tertiary winding voltage signal 
indicative of the voltage appearing across the terti- 
ary winding and the fedback voltage from the DC 
output, both being error voltages, are converted 
through the A/D converter, to digital signals. And, a 
detected current signal a fraction of a current 
flowing through the switching element and through 
primary and tertiary windings of the high frequency 
transformer is likewise converted to a digital signal 
through the A/D converter. The digital signals are 
supplied to the subtracter wherein a setting digital 
signal for setting the DC output voltage is sub- 
tracted from the foregoing digital signals for provid- 
ing input voltages to the next digital arithmetic 
operation circuits to evaluate a driving signal for 
the switching element Those input voltages input 
into the digital arithmetic operation circuits are em- 
ployed for evaluation of the on-period and on-time 
of the switching element to provide the driving. The 
driving signal for the on-period and on-time of the 
switching element is thus adapted to increase the 
on-period as well as the on-time when the load is 
heavy. Hereby, switching loss, which is caused by 
the limit of capability of the switching element as a 
result of an increase of the on-period upon the load 
being light, is prevented from being increased, 
while the switching frequency is prevented from 
becoming audio-frequency upon the load being 
heavy. Thus, a high efficiency switching regulator 
with a wide range of equal load capacity is con- 
structed. Additionally, the current signal converted 
to the digital signal is compared in the comparator 
with an overcurrent setting value to provide the 
driving signal for additionally providing thereto a 
function of cutting off the switching element when 
an overcurrent flows therethrough. Moreover, the 



control circuit part is operable in digital construc- 
tion to thereby prevent the DC output voltage from 
being varied owing to the scatted of the constituent 
elements and to thereby making use of LSI tech- 

5 nology: 

Furthermore, although the aforementioned em- 
bodiment adopted the on-off type converter for the 
digital arithmetic operation part in the control circuit 
part, the present invention is applicable to switch- 

io ing regulators of other types with for example an 
on-on type converter and a chopper type converter, 
etc. 

Although the invention has been described in 
its preferred form with a certain degree of particu- 
15 larity, it is to be understood that many variations 
and changes are possible in the invention without 
departing from the scope thereof. 



20 Claims 

1 . A switching regulator comprising: 

(a) a high frequency transformer composed 
of a primary winding wound around a core on the 

25 primary side across which primary winding an AC 
input fed through a diode bridge and a low pass 
filter is applied, a secondary winding wound around 
the same on the secondary side for boosting the 
rectified AC input and transmitting the same to an 

30 output terminal through a rectifier circuit and a 
tertiary winding wound around the same on the 
primary side providing a voltage signal thereacross 
as an error signal; 

(b) a switching element connected to one 
35 end of said primary and tertiary windings for 

switching said rectified AC input to permit the 
switched AC input to be boosted and transmitted to 
the secondary side through said secondary winding 
for providing the DC output voltage; 
40 (c) a shunt regulator provided on the secon- 

dary side of said high frequency transformer for 
detecting a fedback fraction of the DC output volt- 
age as another error signal; 

(d) a photocoupler connected to said shunt 
45 regulator for feedbacking said fedback fraction of 

the DC output voltage detected by said shunt regu- 
lator to the primary side; 

(e) a control circuit part provided on the 
primary side of said high fequency transformer and 

so composed of analog to digital converters for con- 
verting to digital signals said voltage signal appear- 
ing across the tertiary winding, said fedback frac- 
tion of the DC output voltage, and a current signal 
flowing through said switching element and through 

55 said primary and tertiary windings as input signals 
to the later stages such as latches for the former 
two voltages for latching said A/D converted digital 
signals of said voltage signal across the tertiary 
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winding and said fedback fraction of the DC output 
voltage and as an input signal to the later stages 
such as an comparator for the latter current for 
comparing it with an overcurrent setting value, of a 
setting voltage generator for generating a set digital 5 
signal to set the DC output voltage, of a substractor 
for substracting said digital signal from said input 
signals to evaluate a driving signal for said switch- 
ing element of digital arithmetic operation circuits 
each for evaluating and outputting an on-period and to 
on-time of said switching element from said input 
signals as a function of said driving signal to said 
switching element, and of a comparator for com- 
paring said current signal flowing through said 
switching element and through said primary and 75 
tertiary windings with said overcurrent setting value 
to provide said driving signal with an additional 
function of cutting off said switching element when 
an overcurrent flows therethrough. 

2. A switching regulator according to claim 1, 20 
wherein for variations in output load capacity, the 
on-period of the switching element is reduced and 
the on-time is increased when the output load 
capacity is large, while the on-period is increased 
and the on-time is reduced when the output load 25 
capacity is small. 
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FIG. 6 (PRIOR ART) 
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FIG.9 (PRIOR ART) 
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